• Antibiotics that are well absorbed after oral administration are available, and the best current evidence suggests they are safe and effective for many conditions.
• Belief in the superiority of intravenous antibiotics is widespread among health professionals and patients, but it is not supported by good evidence. Expanding the evidence base will provide patients and clinicians with further reassurance in specific situations, but reasons for the belief in the strength of intravenous therapy also need to be understood and addressed.
• Trials expanding the evidence base might follow noninferiority designs, based on the precedent of widespread intravenous use. For many indications, the theoretical reasons for preferring intravenous therapy are not strong, and the risks of intravenous therapy are well established. It would be more logical for many indications to regard oral antibiotics as the default position and require trial designs to test the superiority of intravenous therapy.
• Clarity regarding the harms and benefits of intravenous antibiotics is needed. There is potential to change global clinical practice for the better, reducing health care costs and minimizing harm to patients.
Intravenous Antibiotic Use
Antibiotics given intravenously are commonly used in both high-and low-income countries. Available evidence from well-established antibiotic stewardship programmes in high-income settings suggests this is frequently unnecessary [1, 2] . Data from low-income settings, though limited, demonstrate similar findings. An audit of therapeutic interventions in children with uncomplicated pneumonia in a Peruvian hospital found that 100% (n = 42) of subjects could have been treated with oral antibiotics [3] . Our own experience of admissions to paediatric wards in Kenya is that many children receive intravenous penicillin and large numbers of patients with malaria receive parenteral therapy despite clinical features suggesting that oral medication would be appropriate. Intravenous therapy may result in harmful complications such as phlebitis, extravasation injury, thrombosis, and local or systemic infection including bacteraemia. Intravenous therapy also prolongs the duration of inpatient stay, causing pain and inconvenience to the patient and financial cost to the health care system. The risk of bacteraemia in peripheral intravenous, peripherally inserted central, and central venous catheters can be as high as 0.1%, 2.4%, and 4.4%, respectively [4] . For higher-income countries, the combined risk is 0.2-2 bloodstream infections per 1,000 intravenous catheter days [5] . A significant risk of hospital-acquired infection has also been observed in lower-income countries [6] . The cost of prolonged inpatient stay for intravenous antibiotics is estimated at £4,500 per day. This expense and inconvenience can be reduced by outpatient intravenous antibiotic administration, but even outpatient intravenous treatment comes at a significant cost estimated at £1,800 via outpatient administration. Furthermore, in selecting an antibiotic suitable for once-daily dosing, clinicians may need to choose unnecessarily broad-spectrum agents [7] .
Why Is Intravenous Therapy Needed?
An absolute requirement for parenteral antibiotics is present when patients cannot swallow or absorb oral antibiotics (for instance, during critical illness) or when intolerances or microbial susceptibility requires an agent that is effective if given intravenously but that would have poor oral bioavailability. These indications (e.g., meningitis and intensive care unit [ICU] admission) probably justify only a minority of current intravenous antibiotic prescriptions [1, 2] .
The more rapidly achieved peak antibiotic levels after intravenous dosing may be important when treating rapidly progressing infections such as severe sepsis and bacterial meningitis, as reflected in treatment guidelines and in the "surviving sepsis campaign" [8] , although it has been shown that an early switch to oral antibiotics is safe in selected meningitis patients [9] . However, many clinicians and patients may infer from these guidelines that intravenous antibiotics are generally "stronger," leading clinicians and patients to prefer intravenous antibiotics for other conditions. This belief may be further reinforced by guidelines that promote prereferral, injectable antibiotics for children with a "danger sign," although many of them may be able to take oral medication [10] , or by guidelines suggesting that prognostic signs associated with severe pneumonia in adults indicate the need for intravenous therapy [11, 12] . The message implied is that serious illnesses require strong intravenous antibiotics.
Aside from rapidly achieving peak levels, is there any other theoretical advantage of intravenous therapy? For the most commonly used antibiotics such as beta-lactams, glycopeptides, or macrolides, antimicrobial killing is not dependent on the peak levels but rather on the period of time during which antibiotic levels are above the minimum inhibitory concentration [13] . Even allowing for the higher doses that can be given intravenously, the time above minimum inhibitory concentration is similar for well-absorbed oral antibiotics compared with intravenous antibiotics. Exceptions to this rule are aminoglycosides and quinolones, in which antimicrobial killing is related to the peak concentrations achieved (however, aminoglycosides are not orally absorbed and quinolones are not used extensively by the intravenous route, so there is no obvious oral versus intravenous comparison within these classes). Well-absorbed oral antibiotics, such as amoxicillin, clindamycin and doxycycline, are available, with bioavailability at >75%, 90%, and >95%, respectively [14] [15] [16] . Many of these antibiotics achieve adequate concentrations in tissues such as prostate tissue or bone. The high cerebrospinal fluid (CSF) concentrations required for treating neurosyphillis may not be achieved with oral penicillins but may be achievable with other oral agents for which there are limited data on efficacy.
Intravenous regimes might be thought to ensure adherence to treatment, although this could also be achieved by directly observed oral therapy. There is little theoretical basis for believing that intravenous antibiotics are simply "better" or "stronger" than oral antibiotics.
Randomized Controlled Trials
No large single randomized controlled trial (RCT) has demonstrated superiority in intravenous treatment, but a number of trials (many adopting the strategy of early oral switch) have demonstrated equivalence of oral versus intravenous antibiotic therapy, as illustrated by the following references.
For childhood pneumonia, the leading cause of hospitalization and death in children globally, noninferiority of oral amoxicillin versus injectable penicillin has been studied in three large trials conducted in low-income countries [17] [18] [19] and one small study undertaken in the United Kingdom [20] . When pooled, these trials include over 4,000 children recruited across nine countries and show no difference in clinical treatment failure rates (pooled risk difference -0.01 95% CI -0.02 to 0.01, shown in Fig 1, which was taken from supplementary figure 2 of [19] using the search criteria as applied in S1 Fig in August 2014) . The World Health Organisation guidelines have recently been revised to allow outpatient treatment with oral antibiotics for moderately severe pneumonia [10] .
RCTs in adults with severe and nonsevere pneumonia include comparisons of oral versus intravenous antibiotics or comparisons of early switches from intravenous to oral antibiotics versus full intravenous courses. These RCTs have not shown any advantage of intravenous treatment, including studies in the United States [21] , the Netherlands [22] , Spain [23] , and Germany [24] .
For acute pyelonephritis, six paediatric RCTs (n = 917) concluded that an early switch to oral antibiotics is equivalent to longer intravenous regimes [25] . In patients with "low risk" febrile neutropenia (i.e., haemodynamically stable, without organ failure or an obvious source of severe infection), 22 RCTs (n = 2,372) concluded that oral treatment (or early switches to oral treatment) is an acceptable alternative to intravenous treatment [26] . One RCT demonstrated equivalent outcomes for oral antibiotics and intravenous antibiotics in infective endocarditis, recruiting 85 intravenous drug users (IVDUs) with uncomplicated right-sided native valve Staphylococcus aureus endocarditis [27] . Five RCTs (n = 205) were included in a meta-analysis comparing oral regimes to either intravenous antibiotics alone or intravenous antibiotics with an oral combination in chronic osteomyelitis. No statistically significant difference was detected in remission rates between the intravenous and the oral treatment groups [28] . In acute paediatric osteomyelitis, two retrospective cohort studies, one comparing early oral switch to intravenous antibiotic regimes (n = 1,969) and the other a direct oral versus intravenous comparison (n = 2,060), both reported that oral therapy was not associated with higher risk of treatment failures [29, 30] .
Ongoing trials examining the equivalence of oral and intravenous antibiotics include trials in neonatal sepsis in low-income settings [31] and in bone and joint infection in high-income settings [32] . Demonstration of equivalence in these trials would further reduce the need for hospitalization among neonates with suspected sepsis and among adults with bone or joint infection.
A Preference for Intravenous Therapy
The preference for intravenous therapy may be a legacy of the discovery of antibiotics. Penicillin acquired enduring fame by providing a dramatic cure following intravenous administration to acutely unwell patients [33] . Antibiotics that were well absorbed when administered orally became available in the years that followed but made less of an impression without similar stories of "miracle cures."
Salvarsan was the first antibiotic "magic bullet" to be routinely used and became the preferred treatment for syphilis. It required repeated parenteral injections, leading one US doctor to famously remark that "even the poor can scarcely be expected to submit with good grace to repeated barbarities offered in the name of medicine" [34] . This remark betrays some of the economic prejudice of the era but may also overlook medical history: dramatic and intrusive treatments are often preferred by patients and doctors, an effect that may contribute to a placebo effect [35] . It is therefore possible that "repeated barbarities" in fact influence some patients and their doctors to prefer intravenous therapy over the less impressive tablets on offer.
When randomized controlled trials are designed to demonstrate "equivalence," this implies that our default position should be to regard intravenous therapy as "safe and proven" and that we require substantial evidence to reassure us before changing practice. In fact, for many indications the theoretical reasons for preferring intravenous therapy are not strong, and the risks of intravenous therapy are well established. It would be more logical for many indications to regard oral antibiotics as the default position and require trial designs to test the superiority of intravenous therapy.
Initial doses of intravenous therapy in acutely life-threatening conditions may be needed to provide immediate effective antimicrobial plasma concentrations. In cases in which intravenous access is required for supportive care (such as fluids), there seems little harm in giving intravenous antibiotics. There is little merit in trials to compare oral therapy with intravenous therapy for the first dose when admission to hospital for supportive care is required in any case, but when hospital admission or parenteral therapy in the community might be avoided with oral therapy, there can be substantial savings to be made and risks avoided for the patient and the health system [17] . In cases in which initial doses must be intravenous, an early switch to oral antibiotics is usually justified. It is not logical to make a switch to oral antibiotics dependent on "response to therapy"; this is a contingency that erroneously implies that intravenous therapy is somehow "stronger."
In order to consolidate the evidence base, large RCTs should now test higher-risk indications for intravenous antibiotics such as bacteraemia, meningitis, and bone infections. The risk of oral antibiotics in these trials can be mitigated by giving the first few doses intravenously. The complexity of selecting antibiotic agents and a broad range of conditions to consider makes large, pragmatic trials of strategy an attractive design.
However, even for conditions covered by the current evidence base, substantial resistance to the use of oral antibiotics is encountered. Resistance to change comes from clinician reinforcement behaviour and other cognitive biases, fear of litigation, and reimbursement strategies adopted by insurance companies in which hospitalisation can be most readily justified by intravenous antibiotic use when oral therapy would have been sufficient [22, 23, 36] . The preference for intravenous antibiotics needs challenging and only large-scale trial data can overcome strongly held personal anecdotes and third-party institutional policy assumptions in which hospitalisation equals intravenous therapy. Medicine is indeed repeatedly barbarous when unnecessary iatrogenic harm is done.
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